Produced water is wastewater from oil production that must be treated well. Membrane 
INTRODUCTION
Produced water is petroleum and natural gas industries byproduct that contains organic and inorganic materials. The characteristics of produced water depend on the geographical location of oil well, type of rock structures, type of hydrocarbons, and the additive compounds which are used during oil production enhancement (Fakhru'l-Razi et al., 2009; Alzahrani et al., 2013) . Moreover, it also contains high total dissolved solids (TDS), oils and grease, as well as other organic and inorganic contaminants (Mondal et al., 2008; Kusworo et al., 2017) . The utilization of membrane for produced water treatment is expected to be more effective in removing the pollutants. However, the separation performance of existing polyether sulfone (PES) membranes must be improved because it still has low permeability and selectivity performance. Methods of increasing the efficiency of the membrane separation process have been proposed by many researchers (Xie et al., 2011; Ma et al., 2011; Motta et al., 2014) . Nevertheless, the optimum condition was rarely studied.
The performance of the membrane includes membrane permeability and selectivity. The performance of the membrane is mostly influenced by its morphology and structure. The structure of the prepared membrane is a result of the influence of several process parameters. The process parameters in membrane fabrication are polymer concentration, the addition of additives, pre-treatment and post-treatment of membrane coagulation. The PES membrane surface is usually modified with electrophoresis, ultraviolet (UV) grafting to produce anti-fouling membrane (Kusworo et al., 2018) . Therefore, feed water passes through the membrane barrier with high concentrations of polymer, have a lower permeate flux. This is caused by an increase of membrane density and smaller pore size (Kusworo et al., 2015) . The increase in the concentration of the polymer in solution casting will cause an increase in concentration at the interface. Consequently, the resulting membrane has smaller pores size and lower permeate flux (Soroko et al., 2011) . The treatment of post-membrane treatment also included one of the factors that greatly affect the performance of the membrane. Polyacrylonitrile (PAN) hollow fiber membrane was heated to higher temperatures to produce structures that are more tightly to improve the performance of pervaporation process (Xu et al., 2004) .
The membrane that will be investigated for produced water treatment in this study is PES/zeolite hybrid membrane. The process parameters of membrane fabrication including UV irradiation time, concentration of zeolite filler and temperature of annealing are optimized. Further study is required to optimize in order to obtain the best performance of the membrane that steady in produced water treatment.
Experimental design using Central Composite Design (CCD) technique was considered to simplify the use of the pertinent variables. The use of statistical design of experiments such as factorial designs and Response Surface Methodology (RSM) has been applied in many investigations. Ismail and Lai (2004) researched the influence and interaction factors in the manufacture of membranes using RSM. In their study, they used a factorial design to obtain the most influential factor in the separation performance. The shear rate, the concentration of polymer, and solvent amount are the most prominent factors in the fabrication of the membrane to obtain a membrane with high separation performance. The impact of the aqueous phase composition used in the polymerization connection thin film composite was examined by Idris et al. (2008) . CCD and RSM were performed in study to develop mathematical models and to optimize the dope solutions in the hybrid membrane fabrication process to obtain the best membrane for produced water treatment.
MATERIALS AND METHODS

Materials Selection
Polyethersulfone (Veradel® PESU 3000P) obtained from Solvay Advanced Material (USA), Zeolite powder from Indrasari Chemical Store Semarang, and Original produced water sample from PT. Pertamina E & P Cirebon.
Experimental Design
Composite Central Design (CCD) was used in the current investigation for designing experimental runs. Three process parameters of membrane fabrication including concentration of zeolite (X 1 ), UV irradiation time (X 2 ), and annealing temperature (X 3 ) are independent variables. Lower, upper and the center point of the design is encoded as -1, 1, 0, and α where +1 indicates a high level, low level -1, α = 2 n/4 (n = number of variables or factors) is a star point, and 0 is the center point. Star point added to the design to produce an estimate arch on the mathematic model. It takes 17 times experiment based on the type of trial design used (Kusworo, 2008) . Based on this design, the total number of experimental runs are 2 k + 2k + n o , where 'k' is the number of independent variables and n o is the number of repeated experiments at the center point. For statistical calculation, the variables Xi have been coded as xi according to equation (1):
Where x i is a dimensionless number of variables i, X i is the original value of the variable i, X o is the value X i at the center point, and δX is a step change, respectively (Kusworo, 2008) . RSM analysis of the experimental results are performed using Statistica Software V.6.0. The software provides a statistical experimental design of second-degree polynomial equation as a prediction of the effect of experimental variables and their interactions on the response variables. Each response can be presented by Y as the response surface with three independent variables expressed by the quadratic mathematical model as shown in equation (2). (2) Where Y i is the predicted response, β o is offset term, β j linear effect, β ij interaction effect, and β jj is squared effect. In this study, the Flux and rejection of Ca , sulfide, and TDS were investigated as the responses to the experimental result. Response contour and surface plots, analysis of variance, and standard deviation were developed using the software. ANO-VA was performed for statistical analysis of the model. This analysis included the Fisher's F-test (overall model significance), its associated probability p(F), correlation coefficient R, and determination coefficient R 2 which measure the goodness of the fitted regression model. It also includes the student's t-value for the estimated coefficients and the associated probabilities p(t). For each variable, the quadratic models
were represented as contour plots and surface plots.
From the values of the regression coefficient model, may be prepared matrix b and B :
and Then points stationary can be calculated by equation (4): (4) The first stage of this experiment is the production of mixed matrix PES-Zeolite membranes, followed by optimization using RSM for membrane applications in the processing of produced water, and phase characterization. At this stage, fabrication of mixed matrix PES-Zeolite membrane starts with dope solution preparation composed by a variable as presented in Table 1 . Factor X 1 , X 2 , and X 3 represent for Zeolite concentration, UV irradiation time, and Annealing temperature, respectively.
Membrane Fabrication and Performance Test
Casting membranes were performed using phase inversion method. This method was done by casting the dope solution on the glass plate using a casting knife. Furthermore, the membrane was immersed into the coagulation bath with distilled water as non-solvent for 1 hour, followed by immersion in a different coagulation bath at ambient temperature (30 ± 2°C) for 24 hours. After that, the prepared membranes were applied for produced water treatment. Rejection and permeate water flux measurement are conducted using dead-end filtration cell system. The effective membrane area in the module was determined to be 12.57 cm 2 . Before performing the permeability test, membrane compaction is done first using distilled water for 30 min, so the membrane polymer chains arrange themselves. After the compaction process, distilled water was replaced with produced water and maintained at 30 ± 2°C. Produced water flux determination is done by measuring the volume of produced water for every 20 min. Membrane rejection was performed by determining the concentration of Cl -, S -, TDS, COD, Turbidity both of upstream and downstream of the membrane. Determination of TDS was performed using a TDS meter, Turbidity using Turbidimeter, the analysis of Cl -, S -, and COD ion was analyzed using the titrimetric method. The permeate water flux was calculated by equation (5) (Han et al., 2010) :
), V = permeate volume (Liter), P = pressure (bar), t = time (hour) A = membrane effective area (m 2 ). Determination of the coefficient of rejection is done by analyzing the concentration of pollutants in upstream and downstream of the membrane as in the equation (6). (6) Where R is the percent of rejection, C p is permeated concentration and C f is feed concentration. Manufacture parameter of membranes is optimized using a technique called RSM (Cornell, 2011) .
RESULTS AND DISCUSSION Permeate Flux Optimization
Filtration test of produced water using prepared membranes has been conducted. The experimental results are presented in Table 2 . A mathematical model is generated as the second order of polynomial equation. Statistica software V.6.0 generates the equation. A mathematical model is presented in equation (7), prediction value and errors are tabulated in Table 2 . Ypred = 704.4725 -64.6368 X 1 + 80.2463 X 2 -8.7289 X 3 + 3.7943 X 1 2 + 2.0053 X 2 2 + 0.0294 X 3 2 -2.2437 X 1 X 2 + 0.3188 X 1 X 3 -0.5531 X 2 X 3 (7) Table 2 imposed the difference between the observation and prediction response as shown in column error (% error). The statistical analysis of variant was used to evaluate significance and accuracy of the results of experimental results through F-test. The accuracy test of the regression model was done by dividing the mean of squares of regression (M sreg ) and mean of squares of residuals (MS Res ) later than the fisher (F) Table, The accuracy of this model also can be seen from the value of the determination coefficient (R 2 ). The model can be expressed accurately when the value of R 2 is higher than 70% so that it can be said that estimated values by model approaching the observed values obtained from the experiments. ANOVA calculation was conducted using Statistica software V.6.0; the results are shown in Table 3 .
From the Table 3 , the value of the F-value for the regression is defined as MS reg /MS res , where MS reg is a mean square of regression which is obtained by dividing the sum of squares of regression with a degree of freedom. MS res is the mean square of the residuals. From the Table 3 , F-value shows the influence of variables for the model with the hypothesis H 0 (there is no influence of variables to the model); and H 1 (there is the influence of variables to the model). F value of the calculation (F model ) is 6.16, this result is higher than F table value (F 0.05 ; 9.10 = 3.34) (Dougherty, 2012) . According to the value of F model is higher than F table , then the decision was taken to reject H 0 , which it means that the independent variables x i gives effects to the proposed model (Kusworo, 2008) . Table 3 also shows that p-value in the lack of fit worth 0.738 or greater than the α value. Then the decision is taken to receive H 0 which means the generated model represents the experimental results. While the coefficients of determination (R 2 ), reached 0.89. This indicates that 89% of the total variation to the results represented in the model. Thus in general model said in accordance they have met three parameter testing.
In addition, the effect of every factor on the response of Y based on the equation 7 is evaluated using ANOVA test. The linear first order effect, quadratic effect and interaction effect. The effect is considered influential when P ≤ 0,05. The influence of the third effect is known of the value of the coefficients and the values of p which are presented in Table 4.
Based on Table 4 , it can be seen that the most significant effect is the quadratic effect of UV irradiation time variable and the interaction between UV irradiation and annealing treatments. From statistical analysis, the equation shows that the coefficients of X 2 2 and X 2 are positives, while the coefficient of X 3 is negative. These signs indicate that the response in term of permeate flux will increase along with UV irradiation time. While in the outcome of the experiment showed the increase of UV irradiation reduces the response in term of flux. The difference perhaps can be possible because of other factors like linear first order effects of zeolite concentration (X-1 ). The P-value of X 1 is more than 0.05 (0.065) while in terms of the model coefficients is -64.6368 which indicates the zeolite addition in higher concentration reduces permeate flux rate significantly.
Optimization using RSM methods was performed using Software STATISTICA V.6.0. The optimum variables were obtained as X 1 = 2.9180, X 2 = 0.3363 dan X 3 = 135.6794. RSM modeling for flux response surface plot and contour plot are presented in Figure 1 .
Solute Rejection Optimization
The optimization of membrane performance is also done in term of membrane selectivity. The selectivity of the membrane in this study is represented by the rejection efficiency of sulfide ion, chloride ion, COD, TDS, and Turbidity. The experimental solute rejection efficiencies are shown in Table 5 . The mathematic models are generated to estimate the value of response as a function of independent variables. The software gives the models. Mathematical equations of polynomial second order for each response in term of solute rejection are presented in equations 8 to 12, and the value of predicted responses are presented in Table 5 .
Y Sulfide = -5.82230 + 0.04900 X 1 -0.01196 X 2 + 0.07386 X 3 -0.00496 X 1 2 -0.00337 X 2 2 -0.00022 X 3 2 + 0.01040 X 1 X 2 -0.00030 X 1 X 3 + 0.00017 X 2 X 3 (8)
Y Chloride = -6.63906 + 0.03900 X 1 -0.05838 X 2 + 0.08244 X 3 -0.00234 X 1 2 -0.00241 X 2 2 -0.00024 X 3 2 + 0.01392 X 1 X 2 -0.00034 X 1 X 3 + 0.00037 X 2 X 3 (9) Y TDS = 4.082717 -0.004571 X 1 -0.030433 X 2 -0.044123 X 3 + 0.004276 X 1 2 + 0.004013 X 2 2 + 0.000130 X 3 2 -0.001534 X 1 X 2 -0.000038 X 1 X 3 + 0.000026 X 2 X 3 (11)
Y Turbidity = 2.370497 + 0.023028 X 1 -0.004731 X 2 -0.017348 X 3 + 0.003401 X 1 2 + 0.004085 X 2 2 + 0.000054 X 3 2 -0.001705 X 1 X 2 -0.000177 X 1 X 3 -0.000123 X 2 X 3 (12)
Analogous to the previous discussion, the ANOVA is also used as a method to evaluate the empirical conformity model. The model will be expected to meet three terms in testing that expressed as a model appropriate and accurate. The calculations of ANOVA to predict the responses in term of solutes rejection efficiency are shown in Table 6 to 10.
The statistical analysis results show that in general, the alleged models predicted accurately with experimental results, although in several data show significant errors. Based on the ANOVA analysis results in Table 6 to 7, the determination coefficient of S -2 , Cl -, COD, TDS, and Turbidity are 0.93, 0.93, 0.90, 0.89, and 0.89, respectively. But two parameter, from fisher test and regression test are customarily enough to prove that model can predict the responses significantly. All rejection data stated that value F calc is greater than F table . The decision is to reject the H 0 hypothesis. This proved that independent variables (x i ) give significant impacts on the response (dependent variables). The average value of determination coefficient (R 2 ) is 90%. It indicates that the variant has interpreted the proposed models.
The steady condition is set based on the stationary value of every model. The stationary values are the variables which give the highest response, in other words, the selected variables are the optimal Table  11 . The response surface methodology was used to illustrate the effect of zeolite concentration, UV irradiation, and annealing treatment on the rejection response. Figure 2 to 6 show the surface plot and contour plot of solute rejection response in function of two factor (zeolite concentration and UV irradiation), keeping the other variable constant it its center value.
The The effect of Zeolite concentration and UV irradiation shows a synergistic effect on S -2 and Cl -rejection responses. A higher S -2 and Cl -rejections at 60-65% were obtained with concentration of zeolite (4 wt-%) and longer UV irradiation (6 minute). While in the other solute rejection responses show different profiles. The highest rejection was achieved with longer UV irradiation at any point of Zeolite concentration. It indicates that the zeolite concentration doesn't give a significant effect on COD, TDS, and turbidity rejection. This phenomenon could explain that S -2 and Cl -were mainly rejected through molecular sieving mechanism provided by zeolite particles. While other solutes were mainly rejected by the repulsion of the membrane surface charge. The UV irradiation modified the membrane surface become more hydrophilic which more effective in rejecting hydrophobic pollutants in produced water. Based on the generated model, the critical value of process parameters that may produce membrane with excellent performance can be determined. The concentration zeolite 1.35 wt-% , UV irradiation time at 3.55 min, and thermal annealing at 160.25°C exhibited the best separation performance.
CONCLUSION
This study confirmed that the concentration C exhibited the best separation performance regarding flux and rejection for produced water treatment using hybrid membrane zeolite/PES. The main effects and interactions effect was successfully developed using response surface methodology. The value of R 2 between the performance of permeability and selectivity is 96,6%. The value of R 2 acceptable limit (90%). Therefore, the RSM with CCD are useful tool for estimating the optimal process variable in the fabrication of flat sheet cellulose acetate membrane. 
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